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PROCESS FOR HYDROCYANATI ON' | N THE PRESENCE OF ZERO- VALENT NI CKEL, A

Bl DENTATE PHOSPHOROUS COVPOUND AND A LTEWS ACID 5 Field of the Tnvention
This invention relates to a process for the hydrocyanation of certain
nonoet hyl eni cal | y unsaturat ed conmpounds, which uses zero-val ent nickel and

a bidentate [ ous conmpound in the presence of a Lewi s ' 0

pr ondt er . B&@@%@%ﬁﬁd of the Invention Hydrocyanation catalygégéggﬁﬁmg
particularly pertaining to the hydrocyanation of olefins, are well 15
known in the art. For exanple, systens useful for the hydrocyanation of

but adi ene to formpentenenitrile (PN) and E&IBEbsequent hydrocyanati on of
pentenenitrile (PN) to form adiponitrile (ADN), are known in the

commercial |y PROCESSaFOR HYORQOYANATIONE IN THE | PRESENCENOF ZERD-UALENTARICRELOTA BIDENTATE
ol ef i ns usi NgPHOSPHERAUSOCOMPOUND AND ADLEWISSACIDt h nonodent at e phosphite |igand
Is well docunented in the prior art. See for exanple; U S. 3,496, 215,

3,631,191, 3, 655, Eideldaof shaAmvaEioand Tol man, C. A.; MKinney, R J.;

Seidel, W C.; Druliner, *huP :Ln@?ii':lghei‘@ﬁueéNtORa’ pPIVEHIC 8D RNndS
Cat al ysi s, 33 1, 1 roc§ana | on of gyilvat%g_oleflns %&h as

with conj ugat ed 0 %Fﬁgy gaggo&l monoet enically unsaturate
compounds, which uses zZero-valent nickel and a bidentate

phosphorous compound in the presence of a Lewis Acid
10 promoter.

Background of the Invention
Hydrocyanation catalyst systems, particularly

pertaining to the hydrocyanation of olefins, are well

15 known in the art. For example, systems useful for the
hydrocyanation of butdadiene to form pentenenitrile (PN)
and in subsequent hydrocyanation of pentenenitrile (PN) to
form adiponitrile (ADN), are known in the commercially
important nylon synthesis field. The hydrocyanation of

20 olefins using transition metal complexes with monodentate
phosphité ligand is well documented in the prior art. See
for example; U.S. 3,496,215, 3,631,191, 3,655,723, and
3,766,237, and Tolman, C. A.; McKinney, R. J.; Seidel, W.
C.; Druliner, J. D.; and Stevens, W. R.; Advances in

25 Catalysis, 33, 1, 1985. The hydrocyanation of activated
olefins, such as with conjugated oclefins (e.g., butadiene
and styrene} and strained olefins (e.g., norbornene),
proceeds without the use of a Lewis Acid promoter, while
hydrocyanation of unactivated olefins, such as l-octene

30 and 3-pentenenitrile, requires the use of a Lewis Acid
promoter. Teachings regarding the use of a promoter in
the hydrocyanation reaction appear, for example, in U.S.
3,496,217. This patent discloses an improvement in
hydrocyanation using a promoter selected from a large

35 number of metal cation compounds with a variety of anions
as catalyst promoters. U.S. 3,496,218 discloses a nickel
hydrocyanation catalyst promoted with various boron-
containing compounds, including triphenylboron and alkali
metal borohydrides. U.S. 4,774,353 discloses a process
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and styrene) and strained ol-efins (e.g., norbornene), proceeds w thout the

use of a Lewis Acid pronoter, while hydrocyanation of unactivated ol efins,

such as 1-octene 30" and 3-pentenenrtrile, requires the uSe of a Lew sTAcTd—

pronoter. Teachings regarding the use of a pronoter in the hydrocyanation

reaction appear, for exanple, in U S. 3,496,217. This patent discloses an

I mprovenent i n hydrocyanati on using a pronoter selected froma |arge 35
Qperibis

nunber of i on conpounds wWith a variety of anions a¥CTHSEyREN

pronoters. U. S. 3,496,218 discloses a nickel hydrocyanation catal yst
pronoted wi th various boron- containing conpounds, including triphenylboron
and al kali netal forohedpreépsraticn &f dihidx3ldsscimsbhslingpADNeSErdm WO

preparation of o RITTRES RIS AR ey R ¥ 1
Mol udi ng PN i n TS AIEBSBLReh SSiNrs SR i BRLT OH s aka iy
triorganotin cat @yameteronplef. 4 874 887 4iggloars @ @resesspforess for 5
produci ng ADNsby pieiwsime BalNeby ohe€ kadra-atadlent efidivell eatangkziean of
pentenenitriles ig 406 AHG88B86€-0T péntenenitriles in the presence of a

synergistic combination of promoters selected in

accordance with the reaction kinetics of the ADN

synthesis.

10 Bidentate phosphite ligands are useful ligands in
the hydrocyanation of activated olefins. See, for
example: Baker, M. J., and Pringle, P. G.; J. Chem. Soc.,
Chem. Commun., 1292, 1991; Baker, M. J.; Harrison, K. N.;
Orpen, A. G.; Pringle, P. G.; and Shaw, G.; J. Chem. Soc.;

15 Chem. Commun., 803, 1991, Union Carbide, WO 93,03839.

U.S. Patent 5,175,335 to Casalnuovo et al.
discloses the use of chiral, nonracemic, bidentate
phosphinite ligands for the enantioselective
hydrocyanation of aromatic vinyl compounds. The nickel-

20 catalyzed hydrocyanation of these substrates occurs in a
predominantly Markownikoff fashion. At Column 19, the
'335 Patent shows Compound "F," a bidentate diphosphinite
and shows its use in the hydrocyanation of 2-
vinylnaphthalene.

25
Suxmary of the Invention

The present invention provides a process for
hydrocyanation, comprising reacting a nonconjugated,
acyclic, aliphatic, moncethylenically unsaturated compound

30 or 2-pentenenitrile or an alkyl-2-pentenocate with a source
of HCN in the presence of a Lewis Acid promoter catalyst
composition formed by a zero-valent nickel compound and a

" bidentate phosphorus compound or a mixture of bidentate
prhosphorous compounds selected from the group consisting

35 of compounds having the formulae:



synergi stic conbination of pronoters selected in accordance with the
reaction kinetics of the ADN synthesis. 10 Bi dent at e phosphite

| igands are useful Tigands 1n the hydrocyanation of activated ol efins. SeE,
for exanple: Baker, M J., and Pringle, P. G; J. Chem Soc., Chem

Commun., 1292, 1991, Baker M J. Fbrrison K. N; Open, A G; Pringle,
P. G; and Shaw, G. J. Chem Soc.: 15 Chem Commun. 803, 1991  Union
Carblde W% 96§§§§ U S. Patent 5 175,335 to Casal nuovo etPGHUSIENS oses
the use of chiral, nonracem c, bidentate phosphinite Iigands for the '
enant:i osel ecti ve hydrocyanation of aromatic vinyl conpounds. The nickel - 20
catal yzed hydrocyanati on of these substrates occurs in a predom nantly

19, the '335 Patent shows Conpound "F," a
'oms its use in the hydrocyanation of 2-

ent f/=xention
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of HCN in the presence of a Lewis Acid pronoter catal yst conposition fornmed
by a zero-val ent nickel conpound and a bi dentate phosphorus conpound or a
m xture of bidentate phosphorous conpounds selected fromthe group

consisting 35 of conpounds having the fornul ae: 2 WD 96/ 29303
PCT/ US96/ 02551 [err] WO 96/ 29303
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WD 96/ 29303 _ PCT/ US96/ 02551
[err] where Xerr] is neta -C, para -0, neta -CF[err], para -CF3, neta

-F, para -F, neta -CN, para -CN, nmeta -CH3 or para -CH3; X2 is methyl or

al koxy having 1 to 3 carbon atons; n is zero, 1 or 2; Qis [err] 6 WO
96/ 29303 _ PCT/ US96/ 02551 The

addi tion of he double bond is primarily in the anti - i kof f
manner. The ‘gg\lgf'%’%?%d bi dent at e phosphorus conpounds have tf%/‘qrgﬁg%ﬁl ae:
7 WD 96/ 29303 PCT/ US96/ 02551

[err]:
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PCT/ US96/ 02551 [err]

PCT/ US96/ 02551 [err] WD 96/ 29303
PCT/ US96/ 02551 The nost preferred conpounds are shown above and marked with
The zero-val ent ni ckel

an asterisk
be prepared

WO

“é; Qﬁ%ailed Description 5
;ﬁgﬁ rated according to techniques well known FGTY¥S96/0255¢

_ PCT/ Us96/ 02551

can

(U.S. 3,496, 217; 3,631,191; 3,846, 461; 3,847,959; and 3,903,120, which are
I ncor-porated by reference). Zero-
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val ent ni ckel compounds that contain |igands, which can be 10 displaced by
t he organophosphorus |ligand, are a preferred source of zero-valent nickel.

Two such preferred zero- val ent nickel conpounds are Ni (COD)[err] (COD is
1, 5- cycl ooctadi ene) and (oTTP)2Ni (C2H4) (oTTP is P(O o-
Cerr]Herr]CHerr])[err]) both of which are known in the art. 15

Al ternativel ] ent ni ckel conpounds may be conbined wt i ng
agent, and d*ggg %ﬁkable to serve as suitable sources of zero- #ﬁ&ggﬁicke
in the reaction. Suitable divalent nickel conmpounds include conpounds of
the frormula N Y2 where Y is halide, carboxylate, or 20 acetylacetonate.

Sui t abl e reduci ngThgeadditinn efcHRHt &P the SopBle foAnd & RTiZpgHiyiuiR- the
hydri des, netal ahliyhsMariowri®koffl mafser or Herr]. El enental nickel,
preferably nickel powder, when conbined with a hal ogenated catal yst, as
described in U S. 3,903,120, js . also a suitable source of. 2 zer o- val ent

ni ckel . The preseRhenpaeERxERhPLERNHRLR RROSRRPTHE CAPRIBES, B8AVEy“BRar gi ng a
reactor with as| d&brthkaeeactants, or preferably, the reactor is charged
with the catal yst conponents, the unsaturated organic conmpound, the 30
pronoter, and the solvent to be used, and the hydrogen cyani de is added
slowy. HCN may be delivered as a liquid or as a vapor to the reaction.

Anot her technique is to



charge the reactor with the catal yst, pronoter, and the solvent to be used,
and feed both the unsaturated conpound 35 and the HCN slowy to the.
reaction mixture. TheTotar rati© of unsaturated conmpound to catal yst
generally is varied fromabout 10:1 to 2000:1. The nolar ratio of
phosphor ous conpound to nickel is in the range of 0.5 to 1 to 20 to 1. 12
WD 96/ 29303 PCT/ U ssamks

Pref er abl y, WoBR&29383ct i on nediumis agitated, such as by stﬁ%rq{ng or !

shaki ng. The cyanat ed product can be recovered by conventional techniques,
such as by distillation. The reaction may be run either batchwise or 5in a
cont’i nuous manner. The hydrocyanation reaction can be carried out with or

wi t hout a solvent. The solvent should be liquid at the reaction tenperature
and pressure and ineptxt owgr &s* t he unsat urated conpound and the catal yst.
General ly, 10 such sQIv- e hydrocarbons, such as benzene or xylene, or
nitriles, such as acgwoqi or benzonitrile. In sone‘cases, the
unsaturated'conpound
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may serve as the solvent. The exact tenperature which is preferred is 15
dependent to a certain extent on the particul ar catal yst being used, the

particular unsaturated conpound being used, and the desired rate.

Generally, tenperatures of from-25 to 200[err]C can be used, with fromO
to 150[err] C being preferred. 20 At nospheric pressure is

sati sfactor rying out the present invention and, he re of
f rom about é”%g&?ééﬂo at nospheres are preferred due to the gﬁsrﬁﬁs ecgnonic
consi derations, although pressures of fromO0.05 to 100 at nospheres can be
used-if desired. 25 HCN may be added to the reaction as vapor or
liquid, or in a systemutilizing a cyanohydrin as carrier. See, for
exanple, U S. 3,655,723 which is incorporated herein by reference. The
process of this invention is carried out in 30 the presence of one or nore
Lewi s Acid promoters which affect both the activity and selectivity of the
catal yst system The ratio (nDIar basis) of Lewis Acid to njckel is usually
about 1 to 16 to 50 to 1. table pronoters are descri bgeain U S.

3, 496, 217; 3, 496, 21 @s 3 Lewis Acid nay
be selected fromth Q pafonetal lic
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in which the cation is selected fromscandium titanium vanadi um
chrom um nanganese, iron, cobalt, copper, zinc, 13 WO 96/ 29303
PCT/ US96/ 02551 boron, alum num yftrium zirconi um niobium nolybdénum
cadm um rhenium and tin. Such Lewis Acids include conpounds selected from
the group consisting . of ZnBr[err], an[[err], ZnCl[err], ZznSJerr],
Cudferr], 5 Cud, Cu(derr]SCFerr])[er], ColJerr], Col[ery Fellerr],
FeCI%err], MERPEBI (THR) [err], TiC[err] (THR) [err], TiCI[er]F(]l': P’ésfbrr],
CTi(GPr)[err], MhCl[err], SCCJ[err], AlCd][err], ((err]JHerr])AIC[err],
(itso-Clerr]Herr])[err]AC, (phenyl)[err]AICI, ReC[err], ZrdJ[err],

NoCl [err], VC13, CrC[err], MoC[err], YOJ[err], CdC[err], LaCJerr],
Er(Jerr]SCFerr])[err], Yb(qerr]CCF[err])[err], SnCl[err], Tad [err],
B(Cerr]Herr])3, 10 and (Cerr]Herr])[err]SnX, where X = CFlerr]SOerr],
CHerr]Cerr]Herr]SOerr], CHerr](CHerr])[err](err]Herr]Sderr], or
(CerrJHerr])[err]BCN. Preferred Lewis Acid pronoters are ZnC [err],
WMCl2, FeC [err], Ald[err]((err B(Cerr]Herr])S3,
Er(CF[err]SQerr])[err] and (C 8 [err] SnX, where X =
(err]Herr])[err]BCN or CH err] err]Clerr]Herr]SOerr]. 15
The symetrical bidentate phosphd nds (di phosphinites) are
prepared as foll ows. The diarylch o ophsphi ne is added to a tol uene

sol.uti on of
CH, -( )
( ) CH, 7/ 2

CH; Formula 12

formula 13

<°’°@>f )
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the diol and triethylam ne. The reaction mxture is allowed to stir at room
tenperature, then filtered to 20 renmove_triethylam ne hydrochloride. The

product is isolated by renoving the sol vent under reduced pressure. The
unsymet ri cal bi dentate phosphorus conmpounds (di phosphinites) are prepared
in a simlar manner. The first diaryl chl orophosphine (preferably the nore
25 steri cal{v)byg%&qgred one) is added to a toluene solution ﬂ:tnﬁé}?mﬁkf" and
triethyl am ne. ce the reaction is conplete, the second

di aryl chl orophosphi ne i s.added. Triethylam ne hydrochloride is filtered off
and t-he sol vent renoved under .reduced pressure to give the 30 product. The
phosphi ni t e- phosphites are synthesi zed as foll ows. Phosphorus trichloride
is reacted with 1,1 -bi- 2-naphthol to give the 1,1'-binaphthyl-2,2 -diyl
phosphorochloridite. Fhe 'N\dite is then reacted with 35 either

1,1 -bi-2-naphthol or

' enol , followed by di peeqyl cyf
trehed stepwi se in tol ueqe y @
ct is isolated by fiv#ering~off the 14

o) 0

_ ' 7o\
oy Mo (©@r_ )

Formula 17
frrmula 16
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where Q is defined as previously.
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WD 96/ 29303 PCT/ US96/ 02551
triethylam ne hydrochloride, then renpving the solvent under reduced
pressure. The nonconjugated, acyclic, allphatlc monoet hyl eni cal | y
unsaturated starting materials useful in 5 this invention include

unsat urated organi c conpounds containing from2 to approxi mately 30 carbon

atons. The 3- enitriles and 4-pentenenitriles are espe

preferred. ﬁgﬂﬁgéﬁﬂherein, the term"pentenenitrile" is intg#§%%¥?§w%%
identical with "cyanobutene." Suitable 10 wunsaturated conpounds include
unsubsti tuted hydrocarbons as well as hydrocarbons substituted with groups
whi ch do not att aThet hest ghdfiestredscohpasndsy aye. shbws cabosn tamda nattked

conpounds i ncl udey,PROSA hyd &Gl I(¥yunsat urat ed conpounds containing from 2
to 30 carbons such as ethylene, 15 propyl ene, butene-1, pentene-2,

hexene-2, etc.; nonconjugated diethylenically unsaturated conpounds such as
al | ene; and substnsssbhmngpsuﬁnsisuch as 3- pentenenitrile,
4-pentenenitrige, nmethyl preatzersr@ikat Adekel mdrebiecgkéyamaﬁurat ed

ds h
Jerr] E[er? R égnggéééﬁﬁ‘[één“e@‘géﬁsg S{‘éé*?*ﬂ%ss &821 “f"f Bk su% Frates

3,903,120, whzch are lncorporated by reference) Zero-
valent nickel compounds that contain ligands, which can be

10 displaced by the organophcsphorus ligand, are a preferred
gsource of zero-valent nickel. Two such preferred zero-
valent nickel compounds are Ni(COD), (COD is 1,5-
cyclooctadiene) and (oTTP)Ni(CzHz) (oTTP is P(0-o-
CgH4qCH3) 3) both cf which are known in the art.

15 Alternatively, divalent nickel compounds may be combined
with a reducing agent, and are then able to serve as
suitable sources of zero-valent nickel in the reaction.
Suitable divalent nickel compounds include compounds of
the formula NiY, where Y is halide, carboxylate, or

20 acetylacetonate. Suitable reducing agents include metal
borohydrides, metal aluminum hydrides, metal alkyls, 2n,
Fe, Al, Na, or Hy. Elemental nickel, preferably nickel
powder, when combined with a halogenated catalyst, as
described in U.S. 3,903,120, is also a suitable source of

. 25 zero-valent nickel.

The present hydrocyanation process may be carried
out by charging a reactor with all of the reactants, or
preferably, the reactor is charged with the catalyst
components, the unsaturated organic compound, the

30 promoter, and the solvent to be used, and the hydrogen
cyanide is added slowly. HCN may be delivered as a liquid
or as a vapor to the reaction. Another technique is to
charge the reactor with the catalyst, promoter, and the
solvent to be used, and feed both the unsaturated compound

35 and the HCN siowly to the reaction mixture. The molar
ratio of unsaturated compound to catalyst generally is
varied from about 10:1 to 2000:1. The molar ratio of
phosphorous compound to nickel is in the range of 0.5 to 1
to 20 to 1.

12



and al kyl - 2-pentenoate, where the alkyl group contains 1 to 12 carbon
atons. 25 Preferred substrates _are nonconjugated |inear alkenes,

nonconj ugated |inear al kenenitriles, nonconjugated |inear al kenoates, and
perfluoroal kyl ethylenes. Mdst preferred substrates include 3- and 4-
pentenenitrile, alkyl 3- and 4-pentenoates, where the 30 al kyl group

contains 1 t‘? %&;bon atons, and CJerr]F[err]CH = CH2 (Vmef'@rlﬁsiﬁfozgslto
erred p

12). The pre roducts are termnal al kanenitriles, |inear
al kanedinitriles, linear alkane(nitrile)esters, and 3-(perfluoroal kyl)
propionitrile. Mst preferred products are adiponitrile, 35 alkyl
5-cyanoval erate, and d er Prefe¥ahlon] dhe] crperiomNpdivgy ésxagitated, saph 15
WO 9&/2_9303f thé as by stirring or shaking. The cyan;:eBCEbeEEdQﬁﬁﬁb$§ é
?grhtﬁghscgntainl %%Qgggddzg é%#v£ﬂﬁ OEQ?ngéghgékdg%o guﬁthof é%d 2.0 mMs
(14.38 mol ) of t H}F‘é i r?hﬂ)rr?iaé:tbf’nt‘&?x:é??e rﬁ‘Hd&F't eF batsjusise or
in a continuous manner.

The hydrocyanation reaction can be carried out
with or without a solvent. The solvent should be liquid
at the reaction temperature and pressure and inert towards
the unsaturated compound and the catalyst. Generally,

10 such solvents are hydrocarbons, such as benzene or xylene,
or nitriles, such as acetonitrile or benzonitrile. 1In
some cases, the unsaturated compound to be hydrocyanated
may serve as the solvent.

The exact temperature which is preferred is

15 dependent to a certain extent on the particular catalyst
being used, the particular unsaturated compound being
used, and the desired rate. Generally, temperatures of
from -25 to 200°C can be used, with from 0 to 150°C being
preferred.

20 Atmospheric pressure is satisfactory for carrying
out the present invention and, hence, pressure of from
about 0.05 to 10 atmospheres are preferred due to the
ocbvious economic considerations, although pressures of
from 0.05 to 100 atmospheres can be used if desired.

25 HCN may be added to the reaction as vapor or
liquid, or in a system utilizing a cyanochydrin as carrier.
See, for example, U.S. 3,655,723 which is incorporateqd
herein by reference.

The process of this invention is carried out in

30 the presence of one or more Lewis Acid promoters which
affect both the activity and selectivity of the catalyst
system. The ratio (molar basis) of Lewis Acid to nickel
is usually about 1 to 16 to 50 to 1. Suitable promoters
are described in U.S. 3,496,217; 3,496,218; and 4,774,383.

35 A suitable Lewis Acid may be selected from the

' group consisting of inorganic or organometallic compounds
in which the cation is selected from scandium, titanium,
vanadium, chromium, manganese, iron, cobalt, copper, zinc,

13



at nosphere was added 2.50 g (11.33 mmol ) of di phenyl chl orophosphi ne. The
m xture was allowed to_stir 10 at roomtenperature for _an hour, then
filtered to renove triethylam ne hydrochloride. The filtrate and toluene
washings of the Et[err]N. HO were conbi ned and the sol vent renoved under
reduced pressure to give 3.6 g of off-white solid. 31P NMR

bove {0 hydraeyEnk

above to hy

1.3 ppm singlet. 15 B. Use of conpoundrggnﬁg&ﬁgéﬁ 16
e 3- pentenenitrile. General hydrocyanation ure:
20

Reaction m xtures were heated in a thernostatically controlled oi
bat h.- HCN vapor was delivered to the reaction flask as an HCN N2 gas
m xture by bubbl i bgrény aungammi, hpotminumn, qirdoniDhin nuaiirdiume dmalySdenum,a wet

ice bath. This pr
The rate of HCN d

gl

S6h 2 MARALMSt Ag@NEMDI ch is roughly 35% HCN (vol /vol) .

Sanpl e anal yses were §B¥e£@§13%EQ§L$%H§¥éﬁi&%ﬁggﬁé?ﬁ?&égéaigisugﬁé?Fféﬁ§ML
n

colum. 0.286 g othehgreupansdstine ¢hir

2andnip, ngpG2-NZREOD) [ S8Fi2( COD

i s cycl ooct adi #nefrupk| ece WHEORM i, NCSCIY S Qi1 5, eFe Bhy Fetfly, areClb (THF 5,

m nutes of stirri
5 mM of 3- penten

10

15

20

25

30

35

QQC%
eni
AlCl
RgCl
LaCl
and

CH3 (

FeCl
(CgH

(dip

T R Y DT M e e
3, (CgH17)AlCly, (iso-CygHg)2AlCl, (phenyl)aAlCl,
5, ZrCly, NbClg, VCl3, CrCly, MoClg, ¥YCl3, €dCl,,
3, BEr(03SCF3)3, Yb(OpCCF3}3, SmCl3, TaClg, B(CgHgl3,
(CgHs) 3SnX, where X = CF3S0O3, CH3CgH4SOj3,
CH3)11CgHgS03, or (CgHg) 3BCN.
Preferred Lewis Acid promoters are ZnCl,, MnCl,,
2., AlCly(CgH319), B(CgHg)3, Er(CF3S803)3, and
5)3SnX, where X = (CgHg)3BCN or CH3(CHp)13CgH4S0;3.
The symmetrical bidentate phosphorus compounds
hosphinites) are prepared as follows. The

diarylchlorophosphine is added to a toluene soclution of

the

diol and triethylamine. The reaction mixture is

allowed to stir at room temperature, then filtered to
remove triethylamine hydrochloride. The product is

isol

{dip
firs
ster
the
comp
Trie

ated by removing the solvent under reduced pressure.
The unsymmetrical bidentate phosphorus compounds

hosphinites) are prepared in a similar mannexr. The

t diarylchloropﬁosphine (preferably the more

ically hindered one) is added to a toluene solution of

diol and triethylamine. Once the reaction is

lete, the second diarylchlorophosphine is added.

thylamine hydrochloride is filtered off and the

solvent removed under reduced pressure to give the
product.

foll

The phosphinite-phosphites are synthesized as
ows. Phosphorus trichloride is reacted with 1,1'-bi-

2~naphthol to give the 1,1'-binaphthyl-z,Z'-diyl
phosphorochloridite. The chloridite is then reacted with
either 1,1'-bi-2-naphthol or 2,2'-biphencl, followed by
diphenylchlorophosphine. These reactions are all
conducted stepwise in toluene with excess triethylamine

pres

ent. The product is isolated by filtering off the

14



was treated wth HCN vapor at a nit'rogen flowate of 12 cc/mn and heated
at_50, 60, 70,80, 90, and 100[err]C for 15 nnutes at each tenperature

(except 30 mnutes at 80[err]C). 35 After heating at 100C, GC anal ysis
i ndi cated 36.8% adi ponitrile, 12.0% nethyl-glutaronitrile, and 1.2%
et hyl succinonitrile. 16 WO 96/ 29303

PCT/ US96/ 02534 ofleeagy Nt hesi s of the conpound depicted in For rgéyanshdoboVe-
To a solution cé))%lgtg%lni ng 1.04 g (5.59 mmol) of 5 2,2'-biphenol angoZ.O ms

(14.38 mmol ) of triethylamne in 50 ms of toluene under a nitrogen
at nosphere was added 2.50 g, (11.33 lﬁ% f di phenyl chl or ophosphi ne. The
m xture was al l O\Aétf‘ieﬁhgf'@?‘lé? }Fifﬂﬁﬂrplgg ég‘at Lﬁ"'genf POSYING fise $olvmah

filtered to renovaerkiererhiboed mexredBureydrochl oride. The filtrate and
tolduene \C/jvashidngs of the Etrhgrﬁj,,ll\gclg—}guhg\tg@%rgéaﬁggéfli?_d ag%Bth@NiR&olc\éént ;e]rmyed
ey educed P oSk dul Pl Has e B8 ol M PG50 1),
hydrocyanate 35 this invention include unsaturated organic compounds
containing from 2 to approximately 30 carbon atoms. The
3-pentenenitriles and 4-pentenenitriles are especially
preferred. As used herein, the term "pentenenitrile" is
intended to be identical with "cyanobutene.” Suitable

10 unsaturated compounds include.unsubstituted hydrocarbons
as well as hydrocarbons substituted with groups which do
not attack the catalyst, such as cyanc. These unsaturated
compounds include monoethylenically unsaturated compounds
containing from 2 to 30 carbons such as ethylene,

15 propylene, butene-l, pentene-2, hexene-2, etc.;
nonconjugated diethylenically unsaturated compounds such
as allene; and substituted compounds such as 3-
pentenenitrile, 4-pentenenitrile, methyl pent-3-enoate;
and ethylenically unsaturated compounds having

20 perfluoroalkyl substituents such as, for example, CzF25.,1.
where z is an integer of up to 20.

Other suitable substrates include 2-pentenenitrile
and alkyl-2-pentenocate, where the alkyl group contains 1
to 12 carbon atoms.

25 Preferred substrates are nonconjugated linear
alkenes, nonconjugated linear alkenehitriles,
nonconjugated linear alkenoates, and perfluorcalkyl
ethylenes. Most preferred substrates include 3- and 4-
pentenenitrile, alkyl 3- and 4-pentenocates, where the

30 alkyl group contains 1 to 12 carbon atoms, and CyFpy,jCH =
CHy; (where x is 1 to 12). The preferred products are
terminal alkanenitriles, linear alkanedinitriles, linear
alkane (nitrile)esters, and 3- (perfluorocalkyl)
propionitrile. Most preferred products are adiponitrile,

35 alkyl S-cyanovalerate, and CxF3x,1CH2CH2CN (where x is 1
to 12}.

15



pentenenitrile. 0.233 g of the conmpound from Part A was conbined with 1.0

m of a ZnCl[err]/3PN solution (0.50 g ZnCl[err] in 25 m__3-pentenenitrile)
and 4.0 M of a Ni/3PN solution (1.11 g 20 (o-TTP)[err] N (ethylene) in 40"
m 3-pentenenitrile). The mxture was treated with HCN vapor at a nitrogen

flowate of 30 cc/mn and heated at 70C for 1 hour. At this point, GC
anal ysi s ingj S 11. 0% adi ponitrile, 3.2% nethyl gl utaroni tgd 0. 3%
ethylsuccingkftrl e. 25 The conpound from Part A dgghg?so !

enpl oyed i n hydrocyanati on where the nolar ratio of ligand to nickel was
1:1. -Seventy-eight mlligrans of the conpound fromPart A was added to 4
ms 3PN, followed by 0.040 g of Ni (COD)2 BRAMRLRE 1.0 nl of a zZnC [err]/3PN
solution (0.409 g in 20 mMs 3PN). The mi xture was heated to

70 C dth t L] | H . Nl f f 30
CCE ren'r :1] for ag houre.R'A{ E%lage%!oﬁt nb’tf, gggvg%?/%&%aﬁ%&}c%gtgggn%e%?a'gi%oni trile,
7.9@6nethylg|utar&ﬁ???fle, and 0.04% 35 ethylsuccinonitrile. 17
' 5 To a solution containing 1.60 g (5.59 mmol) of
1,1'-bi-2-naphthol and 2.0 mls (14.38 mmol) of
triethylamine in 70 mls of toluene under a nitrogen
atmosphere was added 2.50 g (11.33 mmol) of
diphenylchlorophosphine. The mixture was allowed to stir
10 at rcom temperature for an hour, then filtered to remove
triethylamine hydrochloride. The filtrate and toluene
washings of the Et3N-HCl were combined and the solvent
removed under reduced pressure to give 3.6 g of off-white
solid. 31P NMR (CD;Cls): 111.3 ppm, singlet.
15 '
B. -Use of compound of Formula 16 above to hydrocyanate 3-
pentenenitrile.
General hydrocyanation procedure: Reaction
mixtures were heated in a thermostatically controlled oil
20 bath. HCN vapor was delivered to the reaction flask as an
HCN/N2> gas mixture by bubbling dry N, gas through ligquid
HCN maintained at 0°C in a wet ice bath. This provided a
vapor stream which is roughly 35% HCN (vol/vol). The rate
of HCN delivery was adjusted by varying the rate of Nj
25 flow. Sample analyses were done by gas chromatography
using a DB-23 capillary column.
0.286 g of the compound from Part A and 40 mg of
Ni (COD) 3 (COD is cyclooctadiene) were combined in 5 mls of
tetrahydrofuran. After 5 minutes of stirring, the solvent
30 was removed under reduced pressure and 5 ml of 3-
pentenenitrile and 20 mg of ZnCly; were added. The mixture
was treated with HCN vapor at a nitrogen flowrate of 12
cc/min and heated at 50, 60, 70, 80, 90, and 100°C for 1S5
minutes at each temperature (except 30 minutes at 80°C).
35 After heating at 100°C, GC analysis indicated 36.8%
adiponitrile, 12.0% methylglutaronitrile, and 1.2%
ethylsuccinonitrile.

16



WD 96/ 29303 PCT/ US96/ 02551 Exanpl e
3 A_Synthesis of.the _coopound depictedin Eormila 18 above -To-a solution

containing 0.56 g (3.0 nmol) of 5 2,2'-biphenol and 2.0 ms (14.38 mmol)
of triethylamine in 50 ms of toluene under a nitrogen atnosphere was added
a toluene solution of di(4-chlorophenyl)phosphinous chloride (1.74 g.

phosphine [&ddssaRk] 1N 20 m's toluene). The m xture was alpEMEehsiosssgt i I at
roomtenperature for 2-3 10 hours, then filtered to renove triethylam ne

hydrochl ori de. The filtrate and tol uene washi ngs of the triethyl am ne
hydrochl ori de were conbi ned and the sol vent renoved under reduced pressure
to give 1.98 g of EXAMRIEME i | . 31P NMR (CDC'[err]): 110.2 ppm singlet.

Al so, a mnor 15 Asi (@yathesis1sf thw ewemBoundkadaniickedotn cBegmudad 13f For nul a
18 above with N (£&8d9e. 0.317 g of the compound from Part A and 0.126 g of
20 N (COD)2 (COD is cyclpoctadieng) were_conbined, i s of..dr

t et rahydr of uran under a i% Poﬁg Ut ;cg g?é’.unl%e %‘4}(%”3(?,% e

-]

, re was a?ll)o_ dto
stir at room BenpRritRiehespl 3andiud (Her3 § mmedd| o€ ntrighlanined iBnder

reduced pressure.sp Ailsoff tblbetie dindetgauniierogeac atmpsphérd waslfadded
2.50 g (11.33 mmol) of diphenylchlorcophesphine. The
mixture was allowed to stir at room temperature for 30
minutes, then filtered to remove triethylamine

10 Thydrochloride. The filtrate and toluene washings of the

Et3N-HCl were combined and the solvent removed under
reduced pressure to give a light brown solid. 31P NMR
(CDC1l3) : 112.2 ppm, singlet.

15 B. Use of compound of Formula 17 above to hydrocyanate 3-

pentenenitrile.
0.233 g of the compound from Part A was combined

with 1.0 ml of a ZnCl3/3PN solution (0.50 g ZnCls in 25 ml
3-pentenenitrile) and 4.0 ml of a Ni/3PN solution (1.11 g

20 {o-TTP) ,Ni (ethylene) in 40 ml 3-pentenenitrile). The
mixture was treated with HCN vapor at a nitrogen flowrate
of 30 cc/min and heated at 70°C for 1 hour. At this
point, GC analysis indicated 11.0% adiponitrile, 3.2%
methylglutaronitrile, and 0.3% ethylsuccinonitrile.

25 The compound from Part A was also employed in
hydrocyahation where the molar ratio of ligand to nickel
was 1l:1.

Seventy-eight milligrams of the compound from Part

A was added to 4 .mls 3PN, followed by 0.040 g of Ni{COD)2

30 and 1.0 ml of a ZnCly/3PN solution (0.409 g ZnCls in 20
mls 3PN). The mixture was heated to 70°C and then treated
with HCN vapor at a nitrogen flowrate of 30 cc/min for 1
hour. At this point, GC analysis indicated 26.2%
adiponitrile, 7.9% wmethylglutaronitrile, and 0.04%

35 ethylsuccinonitrile.

17



25 bl ack solid was obtained. 31P NVR (CJerr]Dlerr]): 148.1 ppm singlet.

Al so, sone broad resonances centered_at about 113 and 129 ppm C. Use-of
t he conpound from Part B above to hydrocyanate 30 3-pentenenitrile. The
conpound from Part B, believed to be Ni (COD) (ligand) where ligand refers
to the conpound of Fornula 18 above, was enployed as the catal yst precursor

i n hydrocyanglogBedbst hout any extra |igand added. 35 p ,{r%bgmggé dred
twenty mlligrans of the conmpound from Part B was added to 4.%T S \

followed by 1.0 mM of a ZnCl[err]/3PN solution (0.409 g ZznCl[err] in 20 ms
3PN).- The m xture was heated to 70[err]C and then treated with HCN vapor at
a nitrogen flow aZ&a®Ri80dcc/min for one hour. At this 18 WO 96/ 29303
PCT/ US96/ 02551 poiant , s@itbesis/ 3ifs thed conpauhd Aepdcted phmi Roxnuda 88 2%

met hyl gl ut ar oni t r igh@weand 0. 9% et hyl succinonitrile. Set forth in the Table

" the 5 process of the | NDCRUTEHELR SRBEFURE HobEds: hato (L) Sf w0 "
S 2,2'-biphencl and 2.0 mls (14.38 mmol) of triethylamine in

50 mls of toluene under a nitrogen atmosphere was added'a
toluene soclution of di(4-chlorophenyl)phosphinous chloride
(1.74 g phosphine [6.0 mmol] in 20 mls toluene). The
mixture was allowed to stir at room temperature for 2-3

10 hours, then filtered to remove triethylamine
hydrochloride. The filtrate and toluene washings of the
triethylamine hydrochloride were combined and the solvent
removed under reduced pressure to give 1.98 g of a brown
cil. 31P NMR (CDCl3z): 110.2 ppm, singlet. Also, a minor

15 signal at 115.2 ppm.

B. Reaction of compound of Foﬁnula 18 above with
Ni(COD} 3.
0.317 g of the compound from Part A and 0.126 g of
20 Ni(COD)y (COD is cyclooctadiene) were combined in 15 mls
of dry tetrahydrofuran under a nitrogen atmosphere. The
mixture was allowed to stir at room temperature for 30
minutes, then the solvent was removed under reduced
pressure. After further drying under vacuum, 0.370 g of
25 Dblack solid was obtained. 31P NMR (CgDg): 148.1 ppm,
singlet. Alsc, some broad resonances centered at about
113 and 129 ppm.

C. Use of the compound from Part B above to hydrocyanate

30 3-pentenenitrile.

The compound from Part B, believed to be Ni(COD)
-(ligand) where ligand refers to the compound of Formula 18
. above, was employed as the catalyst precursor in
hydrocyanation without any extra ligand added.

35 One hundred twenty milligrams of the compound from
Part B was added to 4.0 mls 3PN, followed by 1.0 ml of a
ZnCly/3PN solution (0.409 g 2ZnCly in 20 mls 3PN). The
mixture was heated to 70°C and then treated with HCN vapor
at a nitrogen flowrate of 30 cc/min for one hour. At this

18



best results are con5|dered to be those in which the total pentenenitrile

(3_pe.aLene.m_LLu.e-ak_4=.|&e.nLenﬁnltrlJ_&_EbD_£nmLEL$.|,QD is relatively high

(above about 20 percent), the percent distribution (selectivity) to
adiponitrile 10 (ADN) is high (above about 65 percent), and the percent
conversion to 2-pentenenitrile (2PN) is |ow (bel ow about 15 percent).

2- Pent eneni tyébsdsgN) i s | ess reactive than 3- or 4-pent enepifinidosBdsp’
hydrocyanation to ADN, thus low 2PN 15 vyield is desired so as to mnim ze

the required reaction tinme. It should further be noted that the | owest 2PN
yi el ds are obtained with phosphinites containing electron- wthdraw ng

substituents. The BfifttocFEnaRabysh desigasedsdl- 1% ajinoniteilee @Y
results, shown in mehydglutasonstiild,ound oThe ethgimuwedinonberibsied is

dissolved in 5 nl's 3PN, thgp f 18Pl & ults
(oTTP)[err]Ni (Cerr] H.err] ?%fi’%v\edtb %‘aéflerrj\g are 315 ?1 ar
rati o of bidentaté %’Hg tﬁFEk%‘P" %h%r"‘ﬁo cPmpolinAs i rﬁ?l
rati o of nickels t@mMSZEf tihehimrerd:e-qns 11t. shdiial feaopited bhat whe i s
th heﬂ- Pleat ed to 7%&&&& Qeaadcsyﬁegﬁhﬁ%&%de:b%@mecqﬁ hnmeﬂsénﬁ aéotﬁcli. o
GICganaI %Vl ;am? 'Eh(,Pe?ne &ePeiECNie[ E-TK e‘lgqtﬁ%r?gbfo'ﬁlﬂou{ He qﬁ’#ﬁ&%ﬂ% 3 ?b{]?onsy
and conversion is relatively high (above about 20 percent),
the percent distribution (selectivity) to adiponitrile
10 (ADN) is high (above about 65 percent), and the percent
conversion to 2-pentenenitrile (2PN} is low (below about
15 percent}.
2-Pentenenitrile (2PN) is less reactive than 3- or
4-pentenenitrile for hydrocyanation to ADN, thus low 2PN
15 vyield is desired so as to minimize the required reaction
time. It should further be noted that the lowest 2PN
yields are obtained with phosphinites containing electron-
withdrawing substituents. _
The hydrocyanation procedure used to generate the
20 results, shown in Table 1, is as follows: The compound to
be tested is dissoclved in 5 mls 3PN, then 0.14 mmol of
either Ni(COD)3 or (oTTP)3Ni{CyH4), followed by 2nCly, are
added; the molar ratio of bidentate phosphorus compound to
nickel is 3 to 1, and the molar ratio of nickel to zinc
25 dichloride is 1:1. The reaction mixture is then heated to
' 70°C and hydrogen cyanide is added continuously at a high
flow rate (30 cc/min HCN/Ny) for one hour. Results are
obtained by GC analysis of the reaction mixture.
In Table 1, the following definitions and
30 abbreviations are used: Total 3-pentenenitrile and 4-
pentenenitrile conversion to dinitriles is abbreviated as

total PN conv to DN's. ADN distribution is calculated as:

- 100 ([ADN])
. (¥ ADN distribution) =
35 ( [ADN] + [MGN] + [ESN])

% 2PN yield is calc. as: 100 ([2PNlpinal - (2PNl tnitial!

_ 3PN + 4PN Conversion
40 Negative values for % 2PN yields should be interpreted as
zZero.
13



30 abbreviations are used: Total 3-pentenenitrile and 4- pentenenitrile
conversion to dinitriles is abbreviated as total PN conv to DN s. ADN )
distribution is calculated as: 100 ([ADN]) (% ADN distribution) = 35

( [ADN) + [MGN] + [ESN]) % 2PN yield is calc. as: 100 ([2PN][err] -
[2PN][err] 3PN + 4PN Conversion 40 Negative values for % 2PN yields should

be interpre ro. 19 WO 96/ 29303 P
PCT/ US9/ ozséﬁgggfﬁf TOTAL PN CONV oy AR5 oy 2
PN COVPOUND TO DN S DI ST Fornula 2 53.6
73.9- 1.56 10 Formula 9 33.5 75.7 12. 54
Formul a 14 19.7 67.1 fﬂgl£;§3 Formula 1 90. 6
74. 0 1.54 15 Fornmul a 15 8T, _ 75.5 1.57
5 TOTAL PN
: CONV % ADN % 2 PN
COMPOUND IO DN'S RIST ~XIELD
Formula 2 53.6 73.9 1.56
10 Formula 9 33.58 75.7 12.54
Formula 14 19.7 67.1 -1.33
Formula 1 90.6 74.0 1.54
15 '
Formula 15 81.9 75.5 1.57
Formula 11 53.2 74.7 3.92
20 Formula 6 60.7 76.3 12.88
Formula S 22.1 73.3 19.22
Formula 17 14.1 75.7 23.3
25
Formula 13 18.2° 80.9 -4.06

Formula 16 59.0 73.5 21.95

20



Formul a 11 53.2 4.7 3.92 20 Formul a 6

607 76.3 12.88 Fornmula . b 22.1 733
19.22 Fornula 17 14. 1 75.7 23.3 25 Fornmula 13
18. 2 80.9 -4.06 Fornula 16 59.0 73.5

21.95 20 WD 96/ 29303

PCT/ US96/ 02%3 9gd3b3Hydr ocyanati on results for two conpounds Poriuses/@s5$10US
Lewis Acid Promoters. 5 Reaction Conditions: 70[err]C, 30 cc/mn

HCNN err]. 0.14 mmol Ni (COD)[err] as catal yst precursor. On nol ar basis,

rati os were 1:1: 3 Ni :Lewis Acid:ligand in S,3PN. Results given for 60
m nut e sanpl e. COwP COVPOUND OF
FORMULA 16 RESULT % 9 ; %
LA Le ! m%gg Wborgppsion zemacafd@ %iBrae Vi
TO DN S

Reaction Conditions: 70°C, 30 cc/min HCN/Nz. 0.14 mmol
Ni(COD) > as catalyst precursor. On molar basis, ratios

. were 1:1:3 Ni:Lewis Acid:ligand in 5 mls 3PN. Results
given for 60 minute sample.

10 COMPOUND OF COMPOUND OF
- FORMULA 16 RESULTS FORMULA 1 RESULTS
% TOTAL % TOTAL
_ % ADN PN CONV % ADN PN CONV
15 LEWIS ACID DIST IO DN'S _DIST IO DN'S
ZnCl, 74.2 50.9 74.7 80.5
MnCl, 74.5 50.0 78.5 67.2
FeCl, 74.0 56.1 75.3 74.5
LaCls 58.8% 1.7 Expt Not Expt Not
20 . Run Run
YCl, 65.3«* 4.0 82.6 4.8
BPhj 84 .8+% 7.6 97.2 16.7
AlCly (CgHy7) 80.7 60.0 72.9 41.6
Repeat 81.3 57.4 Expt Not Expt Not
25 Run
Ph3Sn (Ph3BCN) 97.4 67.7 97.5 44.6
SmCl3 68.0%* 4.4 Expt Not Expt Not
Run Run
Ex(OTf) 3 89.2 15.9 Expt Not Expt Not
30 Run Run
Ph3Sn (DBS) 98.2 20.7  97.3 12.7

In Table 2, Ph is CgHg. OTf is CF3SO3. DBS is
CH3 (CH3) 11CgH4S03. PN is pentenenitrile. DN is
35 dinitrile. ADN is adiponitrile.

In the table, the % ADN distributions labelled with * have
been corrected for the methylglutaronitrile (MGN)} derived
from hydrocyanation of 2-methyl-3-butenenitrile (2M3)}.

40 2M3 was initially present as an impurity in the 3PN used
for these experiments. The corrected distribution was
calculated as follows: C _—

100 ([ADN])
% ADN distribution =

45 ( [ADN]} + [MGN] + [ESN] - [2M3] )

where [2M3] refers to the amount of 2-methyl-3-
butenenitrile found in the 3PN before hydrocyanation was
begun. ESN refers to ethylsuccinonitrile.

21
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75.3 74.5 LaC [err] 58. 8* 1.7 Expt Nobt ¢

Expt Not 20 - Run Run YO [err]
65. 3* 4.0 82.6 4.8 BPh3 84. 8* 7.6
97.2. wosesagi O Lerr] (Cerr]tlerr]) 80,7 60. Opcr/ugstngss:

41. 6 Repeat .4 Expt Not Expt Not 25

Run Run Ph[err]Sn(Ph[err]BCN) 97. 4 67.7 97.5 .

44.6 "SnCl [err] 68. 0* 4.4 Expt Not Expt Not Run
Run Er (OTIf)[err] 5.9 Expt Not Expt Not 30

Run Run Ph[err]§n(§B éﬁ%ﬁ%o 5 /which con r§ses 12.7
In Table 2, Ph |s err% ‘ﬂ"‘k’ gT d :L %#@n

CH err](CHerr])[% 19978PPT d%ﬁ%‘]‘e FPF'FP%“'E\PFS 35

dinitrile. ADN |l§>mnp9mwﬁ | acy¢hiq.haliphaic F'IQEO%!ADHHGFQHY buti ons
| abel | ed with s haachested Pompoind, famrd hhﬂeﬁﬂﬁrhhhﬂi‘iﬂe%r andt ah | 2 xylIGN)

derived from hydr?%‘éﬁ@@&&% QbR ﬁ?r’é {%ﬁe@ téﬁé %ﬁ%@ﬁée a4 2MB was
initially present. as an I gpurit used ese exper. nts The
Corrected di st ri BE"iSnAGas promo er an a catalyat forme by a zero-valent

nickel compound and a compound selected from the group
consisting of bidentate phosphorous compounds having the

10 formulae:

7 N
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P

QO
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cal cul ated as foll ows:

(
2- et hyl -

ESN refers to ethylsuccinonitrile.
is Clained is:
rwodbhesgs a conpound sel ected fromthe cl ass consietTUSp6DRSS1
al i phatic nonoethylenically 5

PCT/ US96/ 02551 What
conpri ses:

nonconj ugat ed, acyclic,

.conmpound, and 2-pent€nenitrile,

cyanrde I n the presence of

[err] 20.

O
/
= ]
(@)
&
tlen

100, (LADN) JopDN distributon, = 45 aMllll[lllllﬁ ||I|I 1

3- butenenltrlle found in the 3PN before hydrocyanati on was begun

21 WO 96/ 29303
1. A hydrocyanation process which

unsat ur at ed

and an al kyl - 2-pentenoate with hydrogen

yMd a conpound sel ected fromthe group

Zhor ous conpounds (E?Lﬂgqf>e 10 fornul ae:
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PCT/ USo6/ 09551 [er] VD 86/29303 IR ALY

PCT/ US96/ 02551 [err] where X[err] is nmeta -d, para -d, neta Cﬁ[err]
para -CF[err], meta -F, para -F, neta -CN, para -CN, mata -CH3 or para
-CH3; X2 is nethyl or al koxy having 1 to 3 carbon atons; n is zero, 1 or 2;
Qis where vosesey] 24 WO 96/ 29303 PCT/USS '
PCT/ US96/ 02551 2. A hydrocyanati on process whi ch conpri ses: 602551

where X; is meta -Cl, para -Cl, meta -CF3, para -CF3, meta
-F, para -F, meta -CN, para -CN, meta -CH3 or para -CH3;
X5 is methyl or alkoxy héving 1 to 3 carbon atoms; n is
zero, 1 or 2; Q is

where Q is

@0
hssoll

o]
J

\0
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a 5 catalyst fornmed by zero-val ent nickel and a conpound sel cted Trom the
group consi sting of bidentate phosphorous conpounds having-the formul ae 1
through 21 in the specification. 3. A hydrocyanation process which
conprises: Wpoegr®ass i ng a nonconj ugated acyclic, aliphatic pcrusesn2ss:
‘monoet hyl eni cal | y unsaturated conpound with hydrogen cyanide in the
presence of a Lewis Acid pronoter and a catalyst formed by zero-val ent

ni ckel and a conmpound sel ec} ed fr t he_gr.ou f |dentate 15
phosphor ous conpounds havi n% thehggfﬁu}'%gailé)nz%gg%%; "9%% c% 584, 13,
14, 15, and 18 i nreREtiPscA fAmOndHganed meyddes s 2dipatiam 1 whereln t he

Lewis Acid is sel e;ehedcﬁypmichﬂlgrr QGHpatorsted idompofiind nei o tydrogen
organonetal | i CO%}QHEQ& id n&.h:etsgﬁcga&f op Le%u%ehﬁfé %’ro%%tef;f gHysgandi um

titani um vanadi u romum nganese opper, Zlnc, bor on,

al umi num vyt t r?unFaERrFESHi LRFMSS Sﬁlﬁﬁf°dﬁ?yﬁﬂéﬁﬁ eﬁaﬂquﬁnCQWﬁeﬁPﬂnl and
tin.. 5. The procesldecfed| foram Thehgroup ¢dmsishing AF€i bidentsglecct ed fromt he

group consisting ghodpRbl&lEs loomPlhAE! havi eQaCEBQﬁﬁianPSQE%hEh,zl in
Cudferr], Qud, %ﬁécigéélé¥}ﬂé§54)[err] Clerr], Col[err], Fel[err],

3. A hydrocyanation process which comprises:

10 reacting a nonconjugated acyclic, aliphatic
monoethylenically unsaturated compound with hydrogen
cyanide in the presence of a Lewis Acid promoter and a
catalyst formed by zero-valent nickel and a compound
selected from the group consisting of bidentate

15 phosphorous compounds having the formulae 1, 2, 4, 6, 7,
8, 9, 10, 11, 13, 14, 15, and 18 in the specification.

4. A process of claim 1 wherein the Lewis Acid
is selected from the group consisting of inorganic or
organometallic compounds in which the cation is selected

20 from scandium, titanium, vanadium, chromium, manganese,
iron, cobalt, copper, zinc, boron, aluminum, yttrium,
zirconium, niobium, molybdenum, cadmium, rhenium, and tin.

5. The process of claim 1 wherein the Lewis Acid
is selected from the group consisting of ZnBrj, ZnlIj,

25 2ZnCly, 2nSO4, CuCls, CuCl, Cu(03SCF3)3, CoCly, Coly, Fels,
FeCl3, FeCly(THF)3, TiClg (THF)3, TiCly, TiClgz,
ClTi{(OiPr}3, MnCls, ScCli, AlCli, (CgH37)}AlCly, (iso-
C4Hg) 2Al1Cl, (phenyl)2AlCl, ReClg, ZrCly, NbClg, VClj,

: CrCly, MoClg, ¥YCly, €dCly, LaClj, Er(03SCF3)3,

30 Yb(05CCF3)3, SmCliy, TaClg, B(CgHgli, and (CgHg)3SnX, where
X = CF3803, CH3CgH3S03, CH3(CHy)q11CgHyS03, or (CgHg)3BCN.

6. The process of claim 1 wherein the compound
is selected from the class consisting of 2-pentenenitrile,

. 3-pentenenitrile, 4-pentenenitrile, alky1-3-pentenoate,

35 alkyl-4-pentencate, or CyF33,3;CH = CHy wherein z is 1 to

12.
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FeCl[err], Fed[err](THF)[err], T|CI[err](THF)[err] T|CI[err]| [“l% j“ll]"lll"l"l
CATi(GPr)[err], MO [err], ScCI[e . Al [er], (C[e__L_]_I:I[_err
(iso- Cerr]lHerr])[err]AId, (phenyl)[err]AIC, ReC[err], [err

NbCl [err], Vd][err], CrC1[err], MCl [err], YC1[err],, CdCI[err] Lad[err]
Er(Oerr]SCF[lerr])[err], 30 Yb(Jerr]CCF[err])[err], SnCI[err] TaCI[err]

B(C err] Hl ewoloshsesos], and (Clerr]H err])3SnX, where X = CF[ ocrhisbmissi .
CHerr](eerr]Herr]Sqerr], CHerr](CHerr])[err](Jerr]Herr]Sqerr], or
(derr]JHerr])[err] BCN. 6. The process of clalml whereln t he conpound is
seleeted fromthe class co SISt of 2- enlt |Ie egtenenltrlle
4-pentenenitrile, alkyl-3-pent #\%% 3

Cerr]F[err] CH = Gidngon]jugakhed cdgyclics 3:!11191@216 anoewlsaﬁ-QQQDS

PCT/ US96/ 02551 7. mcn&-aeeaswﬁpaiﬁ m523wbeﬁeéﬂeﬁhﬁ-ﬂ1®]CQDJ ugat ed acycl ic,

al i phatic nonoet h eﬁgi‘%—‘t ?ﬁg% %%é oungnl S vﬁ‘el}%qhege%té tl_% 14"

pentenenitrile, err
8. The proces§ of claim3 Wh %?@W%%ﬁéoﬁﬂ-ﬁb‘at%d"m &hey| i phatic

nonoet hy! en! cal | y nonecahjugatekdt caryiuind . laixshpenca:@mettrh_ylleméany
pentenenitrile, OrunGa%'izELEE-&ré&@é@%@ﬁbenwﬂéﬁ&ﬂé,s41 to 12.

pentenenitrile, or CzF2z41CH = CHz, wherein z is 1 to 12.
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